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(57) ABSTRACT

Disclosed herein is a cooling member mounted between bat-
tery cells to remove heat generated from the battery cells
during charge and discharge of the battery cells, wherein the
cooling member includes a plate-shaped heat dissipation fin
disposed between the battery cells in a state in which opposite
main surfaces of the heat dissipation fin are in tight contact
with the battery cells and a coolant conduit configured to have
a hollow structure through which a coolant flows, the coolant
conduit thermally contacting the heat dissipation fin, the cool-
ant conduit being located at an outside of an electrode assem-
bly receiving part of each of the battery cells when the heat
dissipation fin is disposed between the battery cells.

20 Claims, 6 Drawing Sheets
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1
COOLING MEMBER OF COMPACT
STRUCTURE AND EXCELLENT STABILITY
AND BATTERY MODULE EMPLOYED WITH
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/KR2011/003499 filed on May 12,
2011, which claims priority under 35 U.S.C. 119(a) to Appli-
cation No. 10-2010-0046200 filed in Republic of Korea on
May 18, 2010, all of which are hereby expressly incorporated
by reference into the present application.

TECHNICAL FIELD

The present invention relates to a cooling member of a
compact structure and excellent stability and a battery mod-
ule including the same, and, more particularly, to a cooling
member mounted between battery cells to remove heat gen-
erated from the battery cells during charge and discharge of
the battery cells, wherein the cooling member includes a
plate-shaped heat dissipation fin disposed between the battery
cells in a state in which opposite main surfaces of the heat
dissipation fin are in tight contact with the battery cells and a
coolant conduit configured to have a hollow structure through
which a coolant flows, the coolant conduit thermally contact-
ing the heat dissipation fin, the coolant conduit being located
at an outside of an electrode assembly receiving part of each
of the battery cells when the heat dissipation fin is disposed
between the battery cells, and a battery module including the
same.

BACKGROUND ART

Recently, a secondary battery, which can be charged and
discharged, has been widely used as an energy source for
wireless mobile devices. Also, the secondary battery has
attracted considerable attention as a power source for electric
vehicles (EV), hybrid electric vehicles (HEV), and plug-in
hybrid electric vehicles (Plug-in HEV), which have been
developed to solve problems, such as air pollution, caused by
existing gasoline and diesel vehicles using fossil fuels.

Small-sized mobile devices use one or several battery cells
for each device. On the other hand, middle or large-sized
devices, such as vehicles, use a middle or large-sized battery
module having a plurality of battery cells electrically con-
nected to one another because high power and large capacity
are necessary for the middle or large-sized devices.

Preferably, the middle or large-sized battery module is
manufactured so as to have as small a size and weight as
possible. For this reason, a prismatic battery or a pouch-
shaped battery, which can be stacked with high integration
and has a small weight to capacity ratio, is usually used as a
battery cell of the middle or large-sized battery module. In
particular, much interest is currently focused on the pouch-
shaped battery, which uses an aluminum laminate sheet as a
sheathing member, because the pouch-shaped battery is light-
weight, the manufacturing costs of the pouch-shaped battery
are low, and it is easy to modify the shape of the pouch-shaped
battery.

Battery cells constituting such a middle or large-sized bat-
tery module are secondary batteries which can be charged and
discharged. Consequently, a large amount of heat is generated
from the high-power, large-capacity secondary batteries dur-
ing the charge and discharge of the batteries. In particular, the
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laminate sheet of each pouch-shaped battery widely used in
the battery module has a polymer material exhibiting low
thermal conductivity coated on the surface thereof with the
result that it is difficult to effectively lower the overall tem-
perature of the battery cells.

If the heat, generated from the battery module during the
charge and discharge of the battery module, is not effectively
removed from the battery module, the heat accumulates in the
battery module with the result that deterioration of the battery
module is accelerated. According to circumstances, the bat-
tery module may catch fire or explode. For this reason, a
cooling system is needed in a middle or large-sized battery
pack for vehicles, which is a high-power, large-capacity bat-
tery including a plurality of middle or large-sized battery
modules, to cool battery cells mounted in the battery pack.

Each battery module mounted in a middle or large-sized
battery pack is generally manufactured by stacking a plurality
of battery cells with high integration. In this case, the battery
cells are stacked in a state in which the battery cells are
arranged at predetermined intervals so that heat generated
during the charge and discharge of the battery cells is
removed. For example, the battery cells may be sequentially
stacked in a state in which the battery cells are arranged at
predetermined intervals without using an additional member.
Alternatively, in a case in which the battery cells have low
mechanical strength, one or more battery cells are mounted in
a battery cartridge to constitute a unit module, and a plurality
of'unit modules is stacked to constitute a battery module. The
battery cartridge increases the mechanical strength of the
battery cells; however, the battery cartridge also increases the
overall size of the battery module.

Also, coolant channels are defined between the stacked
battery cells or between the stacked battery modules so that
heat accumulated between the stacked battery cells or
between the stacked battery modules is effectively removed.

In particular, in a case in which the cooling structure is
based on a water cooling type cooling system, a plurality of
coolant channels is defined between the battery cells or
between the battery modules with the result that it is very
difficult to design the cooling structure. In addition, if a cool-
ing member or a thermal conduction member is mounted to a
specific region of the batter pack to constitute the cooling
structure, overall size of the battery pack is increased.

In connection with this case, a cooling member 10 having
a structure as shown in FIG. 1 may be considered as the water
cooling type cooling member disposed between the battery
cells of the battery module. Specifically, the cooling member
10 of FIG. 1 includes a pair of metal sheets 20. Outer edges 30
of the metal sheets 20 are sealed in a state in which coolant
channels 25 are continuously formed at the insides of the
metal sheets 20.

However, the mechanical strength of the cooling member
10 is not structurally low with the result that, when the thick-
ness of the battery cells is increased in the stacked direction of
the battery cells, the coolant channels 25 formed so as to be in
tight contact with the battery cells may be clogged or the
sealed portions of the cooling member 10 may be separated
from each other. Consequently, coolant-tight reliability and
cooling efficiency are lowered.

Furthermore, it is necessary for the entirety of the cooling
member 10 to have corrosion resistance with the result that
the manufacturing costs of the cooling member 10 are
increased.

Consequently, there is a high necessity for a cooling mem-
ber which effectively prevents leakage of a coolant, ensures
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durability for a long time, and can be manufactured at low
costs, and a battery module of excellent safety using the
cooling member.

DISCLOSURE
Technical Problem

Therefore, the present invention has been made to solve the
above problems, and it is an object of the present invention to
provide a cooling member configured to have a structure in
which a coolant conduit is coupled to the outside of a heat
dissipation fin.

It is another object of the present invention to provide a
battery module configured to have a structure in which a
coolant conduit is disposed along the outer edge of an elec-
trode assembly receiving part, and therefore, battery cells are
fixed, and leakage of a coolant is prevented.

Technical Solution

In accordance with one aspect of the present invention, the
above and other objects can be accomplished by the provision
of a cooling member mounted between battery cells to
remove heat generated from the battery cells during charge
and discharge of the battery cells, wherein the cooling mem-
ber includes a plate-shaped heat dissipation fin disposed
between the battery cells in a state in which opposite main
surfaces of the heat dissipation fin are in tight contact with the
battery cells and a coolant conduit configured to have a hol-
low structure through which a coolant flows, the coolant
conduit thermally contacting the heat dissipation fin, the cool-
ant conduit being located at an outside of an electrode assem-
bly receiving part of each of the battery cells when the heat
dissipation fin is disposed between the battery cells.

The coolant conduit is fitted in the heat dissipation fin along
the outside of the electrode assembly receiving part. Conse-
quently, it is possible to effectively prevent leakage of the
coolant, as previously described. Also, itis possible to prevent
the coolant conduit from being clogged or damaged due to
stacking of the battery cells. In addition, it is possible to
maintain the shape of the cooling member during the use of
the cooling member, thereby achieving excellent cooling
design reliability. As a result, it is possible to configure a very
compact battery module.

Also, corrosion resistance to the coolant is required only
with respect to the coolant conduit. That is, it is not necessary
to make the heat dissipation fin of a corrosion-resistant mate-
rial. Consequently, the manufacturing costs of the cooling
member are decreased.

Preferably, each of the battery cells is a plate-shaped sec-
ondary battery, which has a small thickness and a relatively
large width and length such that the total size of the battery
module is minimized when the battery cells are stacked to
constitute the battery module. A preferred example of such a
plate-shaped secondary battery may be a prismatic battery
cell or a pouch-shaped battery cell. Preferably, the plate-
shaped secondary battery is a pouch-shaped battery cell con-
figured to have a structure in which an electrode assembly of
a cathode/separator/anode structure is mounted in an elec-
trode assembly receiving part formed at a battery case formed
of'a laminate sheet comprising a resin layer and a metal layer,
and a sealed portion (‘outer edge sealed portion’), sealed by
thermal welding, is formed at the outer edge of the electrode
assembly receiving part.

The material for the heat dissipation fin is not particularly
restricted so long as the heat dissipation fin is formed of a
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material exhibiting high thermal conductivity to improve
cooling efficiency. For example, the heat dissipation fin may
be formed of a metallic material exhibiting high thermal
conductivity.

Also, the heat dissipation fin is preferably configured to
have a structure in which a pair of metal sheets is coupled to
each other.

The coolant conduit is formed of a corrosion-resistant
material. Consequently, the coolant conduit is prevented from
being corroded by the coolant when the coolant flows in the
coolant conduit.

In a preferred example, the coolant conduit may be config-
ured so that at least a portion of the coolant conduit is bent so
as to correspond to the shape of an outer edge of the electrode
assembly receiving part of each of the battery cells. When the
cooling member is disposed between the battery cells, there-
fore, at least a portion of the coolant conduit is positioned
adjacent to the electrode assembly receiving part of each of
the battery cells, thereby improving cooling efficiency. Also,
structural stability of each of the battery cells is improved, and
the cooling member is effectively fixed to each of the battery
cells.

In the above structure, the coolant conduit may be vari-
ously formed so as to correspond to the shape of the electrode
assembly receiving part of each of the battery cells. For
example, when the electrode assembly receiving part of each
of'the battery cells is formed in a quadrangular shape in plan,
the coolant conduit may be bent so as to have a shape corre-
sponding to two or more sides of the electrode assembly
receiving part. Preferably, the coolant conduit is bent so as to
have a shape corresponding to three sides of the electrode
assembly receiving part.

In another preferred example, the coolant conduit may be
bent so as to be disposed in tight contact with the outer edge
of the electrode assembly receiving part.

That is, when the cooling member is disposed between the
battery cells, the heat dissipation fin and the coolant conduit
can be disposed in tight contact with the outer edge of the
electrode assembly receiving part, thereby maximizing heat
dissipation through thermal conduction. Also, the cooling
member is effectively fixed by the coolant conduit bent along
the outer edge of the electrode assembly receiving part to
increase supporting force ofthe battery cells. Consequently, it
is not necessary to use additional members to fix the battery
cells or it is possible to minimize the use of such additional
members.

The coolant conduit may be configured, for example, so
that a coolant inlet port and a coolant outlet port of the coolant
conduit are formed at one side of the heat dissipation fin side
by side. Preferably, the coolant inlet port and the coolant
outlet port of the coolant conduit extend from the outer edge
of the electrode assembly receiving part.

In the structure in which the coolant inlet port and the
coolant outlet port of the coolant conduit are formed at one
side of the heat dissipation fin side by side, a coolant intro-
duction and discharge structure is formed at one side of the
battery module as compared with a structure in which the
coolant inlet port and the coolant outlet port of the coolant
conduit are formed at different sides of the heat dissipation
fin. Consequently, it is possible to manufacture a more com-
pact battery module and to greatly improve efficiency of a
package during configuration of a battery pack.

Meanwhile, the coolant conduit may be coupled to the heat
dissipation fin by welding, preferably blazing.

In another preferred example, the heat dissipation fin may
be configured to have a structure in which a pair of metal
sheets is coupled to each other, and the coolant conduit may
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be coupled to the heat dissipation fin in a state in which the
coolant conduit is disposed between the metal sheets.

In the cooling member with the above structure, the coolant
conduit, formed of a corrosion-resistant material, is coupled
to the heat dissipation fin, and therefore, it is possible to
configure the cooling member so that the cooling member is
more compact while minimizing a problem of leakage of the
coolant.

Meanwhile, the coolant is not particularly restricted so
long as the coolant exhibits high cooling efficiency while
easily flowing in the coolant conduit. For example, the cool-
ant may be water, which contains high latent heat, thereby
maximizing cooling efficiency.

In accordance with another aspect of the present invention,
there is provided a battery module including a cooling mem-
ber mounted between battery cells.

The battery module according to the present invention may
be configured to have a structure in which two or more plate-
shaped battery cells are stacked, and the cooling member is
disposed between the battery cells. Consequently, it is pos-
sible to greatly improve design reliability and cooling effi-
ciency by the provision of a heat dissipation fin and a coolant
conduit of the cooling member and to configure the battery
module so that the battery module has a compact structure.

The coolant conduit may be configured so that a coolant
inlet port and a coolant outlet port of the coolant conduit are
formed, preferably, at a region corresponding to electrode
terminals of each of the battery cells. Consequently, it is
possible to maximize cooling efficiency with respect to the
electrode terminals, which are regions of each of the battery
cells from which a large amount of heat is generated.

According to circumstances, the coolant conduit may be
configured so that the coolant inlet port and the coolant outlet
port of the coolant conduit are formed at a region opposite to
electrode terminals of each of the battery cells so that the
coolant inlet port and the coolant outlet port do not structur-
ally interfere with electrode leads of each of the battery cells.

The battery module according to the present invention
includes a plurality of battery cells in order to provide high
power and large capacity. Consequently, the battery module is
preferably used as a power source for an electric vehicle, a
hybrid electric vehicle, a plug-in hybrid electric vehicle, or a
power storage device in which high-temperature heat gener-
ated during charge and discharge of the battery cells is a
serious safety concern.

DESCRIPTION OF DRAWINGS

The above and other objects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a typical view showing an illustrative cooling
member;

FIG. 2 is a perspective view showing an illustrative plate-
shaped battery cell;

FIG. 3 is atypical view showing a cooling member accord-
ing to an embodiment of the present invention;

FIG. 4is atypical view showing a cooling fin of the cooling
member shown in FIG. 3;

FIG. 5 is a typical view showing a coolant conduit of the
cooling member shown in FIG. 3;

FIG. 6 is a perspective view showing a battery module
according to an embodiment of the present invention; and
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6

FIG. 7 is an exploded view of the battery module shown in
FIG. 6.

BEST MODE

Now, preferred embodiments of the present invention will
be described in detail with reference to the accompanying
drawings. It should be noted, however, that the scope of the
present invention is not limited by the illustrated embodi-
ments.

FIG. 2 is a perspective view typically showing an illustra-
tive plate-shaped battery cell mounted in a battery module
according to the present invention.

Referring to FIG. 2, a plate-shaped battery cell 100 is
configured to have a structure in which two electrode leads
110 and 120 protrude from the upper end and the lower end of
a battery case 130 in a state in which electrode leads 110 and
120 are opposite to each other.

The battery case 130 is formed of a laminate sheet includ-
ing a metal layer and a resin layer. The battery case 130
includes an upper case and a lower case. In a state in which an
electrode assembly (not shown) of a cathode/separator/anode
structure is mounted in an electrode assembly receiving part
140 formed in the battery case 130, outer edges, i.e. lateral
sides 1504, an upper end 1504, and a lower end 150c, of the
electrode assembly receiving part 140 are sealed by thermal
welding to form a sealing portion 150. In this way, the battery
cell 100 is manufactured.

The electrode leads 110 and 120 protrude from the upper
end 150q and the lower end 150c, respectively. For this rea-
son, the upper end 150q and the lower end 150¢ of the upper
and lower cases of the battery case 130 are thermally welded
to each other, in a state in which a film type sealing member
160 is interposed between the electrode leads 110 and 120 and
the battery case 130, in consideration of the thickness of the
electrode leads 110 and 120 and the difference in material
between the electrode leads 110 and 120 and the battery case
130, so as to increase sealability of the battery case 130.

FIG. 3 is a perspective view typically showing a cooling
member according to an embodiment of the present inven-
tion, FIG. 4 is a perspective view typically showing a heat
dissipation fin of FIG. 3, and FIG. 5 is a perspective view
typically showing a coolant conduit of FIG. 3.

Referring to these drawings together with FIG. 2, the cool-
ing member 200 includes a plate-shaped heat dissipation fin
210, which is made of a metallic material, and a coolant
conduit 220 located at the outer edge 150 of the electrode
assembly receiving part of the battery cell 100 and configured
to have a hollow structure through which a coolant flows.

The heat dissipation fin 210 is formed by coupling a pair of
metal sheets 211 and 212 by welding 213. The coolant con-
duit 220 is bent in a shape corresponding to three sides of the
electrode assembly receiving part and is fitted in the heat
dissipation fin 210. Consequently, it is possible to prevent the
coolant conduit 220 from being clogged or damaged due to
stacking of the battery cells.

Also, the coolant conduit 220 is made of a material exhib-
iting corrosion resistance, and therefore, it is possible to mini-
mize damage to the coolant conduit 220 due to leakage of the
coolant.

FIG. 6 is a perspective view typically showing a battery
module according to an embodiment of the present invention,
and FIG. 7 is an exploded view typically showing the battery
module of FIG. 6.

Referring to these drawings together with FIGS. 2 and 3,
cooling members 200 are mounted between corresponding
battery cells 100.
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A battery module 300 includes a plurality of battery cells
100, a plurality of module cases 310 arranged vertically so
that electrode assembly receiving parts 140 of the respective
battery cells 100 are adjacent to one another, and a plurality of
cooling members 200 disposed at interfaces between the
respective battery cells 100.

A heat dissipation fin 210 of each of the cooling members
200 is disposed between the adjacent electrode assembly
receiving parts 140 in a tight contact state. A coolant conduit
220, made of a metal sheet, is bent so that the coolant conduit
220 can be disposed in tight contact with the outer edge 150
of the electrode assembly receiving part. Consequently, the
coolant conduit 220 has high mechanical strength and is
configured to have an overall compact structure.

A coolant inlet port 230 and a coolant outlet port 240 of
each of the cooling members 200 disposed between the
respective battery cells 100 are directed in the same direction.
Consequently, it is possible to easily achieve a piping design
for coolant introduction and discharge and to minimize the
overall volume of the battery module.

Accordingly, the coolant, flowing along the coolant con-
duit 220, effectively removes heat conducted to the heat dis-
sipation fin 210 mounted at the interface between the respec-
tive battery cells 100 to cool the respective battery cells 100,
thereby providing high cooling efficiency. In addition, the
battery module 300 is configured so that the battery module
300 has a compact structure although the battery module 300
provides such high cooling efficiency.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

INDUSTRIAL APPLICABILITY

As is apparent from the above description, the cooling
member according to the present invention is configured to
have a structure in which the coolant conduit, which is formed
along the outer edge of the electrode assembly receiving part,
is coupled to the heat dissipation fin. Consequently, it is
possible to solve a problem of leakage of a coolant while
fixing the battery cells during configuration of a battery mod-
ule. Also, it is possible to provide a battery module having a
compact structure. In addition, corrosion resistance to the
coolant is required only with respect to a specific component
of the cooling member, and therefore, the overall manufac-
turing costs of the battery module are decreased.

The invention claimed is:

1. A cooling member mounted between battery cells to
remove heat generated from the battery cells during charge
and discharge of the battery cells, wherein the cooling mem-
ber comprises:

a plate-shaped heat dissipation fin disposed between the
battery cells in a state in which opposite main surfaces of
the heat dissipation fin are in tight contact with the
battery cells; and

a coolant conduit configured to have a hollow structure
through which a coolant flows, the coolant conduit
extending around and contacting at least three edges of
the heat dissipation fin, the coolant conduit being located
at an outside of an electrode assembly receiving part of
each of the battery cells when the heat dissipation fin is
disposed between the battery cells,

wherein the electrode assembly receiving part of each of
the battery cells is formed in a quadrangular shape in

20

30

35

40

45

50

55

65

8

plan, and the coolant conduit is bent so as to be disposed
in tight contact with the outer edge of the electrode
assembly receiving part, and

wherein each of the battery cells is a plate-shaped second-
ary battery.

2. The cooling member according to claim 1, wherein the
plate-shaped secondary battery is a pouch-shaped battery cell
configured to have a structure in which an electrode assembly
of'a cathode/separator/anode structure is mounted in a battery
case formed of a laminate sheet comprising a resin layer and
a metal layer.

3. The cooling member according to claim 1, wherein the
heat dissipation fin is formed of a thermally conductive sheet.

4. The cooling member according to claim 3, wherein the
heat dissipation fin is formed of a metal sheet.

5. The cooling member according to claim 4, wherein the
heat dissipation fin is configured to have a structure in which
a pair of metal sheets is coupled to each other.

6. The cooling member according to claim 1, wherein the
coolant conduit is formed of a corrosion-resistant material.

7. The cooling member according to claim 1, wherein the
coolant conduit is configured so that a coolant inlet port and a
coolant outlet port of the coolant conduit are formed at one
side of the heat dissipation fin side by side.

8. The cooling member according to claim 1, wherein the
coolant conduit is coupled to the heat dissipation fin by blaz-
ing.

9. The cooling member according to claim 1, wherein the
heat dissipation fin is configured to have a structure in which
apair of metal sheets is coupled to each other, and the coolant
conduit is coupled to the heat dissipation fin in a state in which
the coolant conduit is disposed between the metal sheets.

10. The cooling member according to claim 1, wherein the
coolant is water.

11. A battery module comprising a cooling member
according to claim 1.

12. The battery module according to claim 11, wherein the
battery module is configured to have a structure in which two
or more plate-shaped battery cells are stacked, and the cool-
ing member is disposed between the battery cells.

13. The battery module according to claim 12, wherein a
coolant conduit is configured so that a coolant inlet port and a
coolant outlet port of the coolant conduit are formed at a
region corresponding to electrode terminals of each of the
battery cells.

14. The battery module according to claim 12, wherein a
coolant conduit is configured so that a coolant inlet port and a
coolant outlet port of the coolant conduit are formed at a
region opposite to electrode terminals of each of the battery
cells.

15. The battery module according to claim 11, wherein the
battery module is used in an electric vehicle, a hybrid electric
vehicle, a plug-in hybrid electric vehicle, or a power storage
device.

16. A battery module, comprising:

a first battery cell and a second battery cell;

a heat dissipating member, the heat dissipation member
formed by a sheet having a first major surface and a
second major surface opposite the first major surface,
the first major surface contacting the first battery cell and
the second major surface contacting the second battery
cell; and

a cooling conduit extending outwardly about at least three
edges of the heat dissipation member, the cooling con-
duit having an inlet and an outlet for a cooling fluid, a
diameter of the cooling conduit being greater than a
thickness of the heat dissipating member.
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17. The battery module of claim 16, further comprising:

a channel formed along the edge of the heat dissipation

member, the channel retaining the cooling conduit.

18. The battery module of claim 16, wherein the cooling
conduit extends about a plurality of sides of the heat dissipat- 5
ing member.

19. The cooling member according to claim 1, wherein the
heat dissipation fin is formed by two metal sheets contacting
one another, the edges of the two metal sheets spaced from
one another to form a channel retaining the cooling conduit. 10

20. The battery module of claim 16, further comprising a
channel formed along the edge of the heat dissipation mem-
ber,

wherein the heat dissipation member is formed by two

metal sheets contacting one another, the edges of thetwo 15
metal sheets spaced from one another to form the chan-
nel retaining the cooling conduit.
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